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NeuroEngineering 

•  NeuroEngineering is defined as the interdisciplinary field of 
engineering and computational approaches applied to 
problems in basic and clinical neuroscience. 

•  First international conference – IEEE 2003 
•  It is a sub-area of Biomedical Engineering 

•  At FEUP, we have offering three degrees in this area: 
–   MIB, MEB and ProDEB. 

•  We are setting up  
–  a new lab – The NeuroEngineering Lab. 
–  A new lecture course in NeuroEngineering (Approved, A3ES & Euro-

ACE certified, starts next year) 
jcunha@ieee.org 2 
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NeuroEngineering Lab@FEUP 
•  Mission: explore opportunities to innovate in Neurosciences  
•  Crossing Areas: Physics; Engineering (Electronics; 

Computation; etc.); Neurology; Neurosurgery; 
Neurophysiology; Neuroradiology; Neuroscience; 

•  Carried out with our partners: 

jcunha@ieee.org 

jcunha@ieee.org 
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Areas and Opportunities 
 
•  Movement quantification in Neurological diseases 

(NeuroQmove) 

•  Wearable technology 

jcunha@ieee.org 4 
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Human motion study – a very old science 

•  Aristoteles (384-322 AC) 
–  “De Motu Animalium” 

•  Leonardo da Vinci (1452-1519) 
•  Galileu (1564-1643) 

–  Mathematical model 
•  Borelli (1608-1679) 

–  Equilibrium and center of gravity 
•  Newton (1642-1727), Bernoulli 

(1700-1782), Euler (1707-1783), 
Poiseuille (1799-1869), Young 
(1773-1829) 

–  All of them studied human motion 

•  Muybridge (1830-1904) 
–  The first to use photography  

jcunha@ieee.org 6 



4 

[12] Aggarwal & Cai, Computer Vision and Image Understanding, vol.73, 1999 

Human Motion Analysis: Methods 

Phase I 

Phase II 

Phase III 

jcunha@ieee.org 7 

Body Structure Analysis 

•  Model based using 
–  “Stick figures”[13] 
–  Cylinders[14] 
–  Contours[15] 

jcunha@ieee.org 8 
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Body Structure Analysis 
•  Non-model based 

–  Points correlation[18] 
–  “joint iterative search”[19] 
–   Optical flow (motion fields)[21] 
–  Others… 

jcunha@ieee.org 9 

[12] Aggarwal & Cai, Computer Vision and Image Understanding, vol.73, 1999 

Human Motion Analysis: Methods 

Phase I 

Phase II 

Phase III 
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Tracking 
 
•  Tracking body structure characteristics 

–  Contours, bright spots, colour or texture 
–  Centers of mass [24] 
–  Multi-landmark (eg. Joints) [26,27] 

•  Different algorithms 
–  Ballistic trajectories and Kalman filters [52] 
–   “Mean-Shift” (circa 1975) and its evolutions 

(ex:CAMSHIFT) [Fukunava et al., IEEE TIT, 1975, 17(8): 790-799] 
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[12] Aggarwal & Cai, Computer Vision and Image Understanding, vol.73, 1999 

Human Motion Analysis: Methods 

Phase I 

Phase II 

Phase III 
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Recognition 
•  Pattern recognition approaches [24,31] 

–  Template matching, among others 

•  Phase space theory [28] 
•  Others 

[12] Aggarwal & Cai, Computer Vision and Image Understanding, vol.73, 1999 
jcunha@ieee.org 13 

Human Motion Analysis: Technologies 

[32] Mulder, Human Movement tracking Technology, Simon Frazer University, 1994 / Cunha JPS, extended 

Inside-in  (sensors&sources on body) 
Inside-out  (Sensors on body detect external sources) 

Outside-in  (External sensors detect on body sources) 

Technology classes: 

Inside-in 

Outside-in 

Inside-out 

Inside-out 

Outside-out  (External sensors and sources detect body movements) 

Outside-out 

MEMS inertial sensors 

External source&sensor (e.g kinect) 

jcunha@ieee.org 14 
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Example: Vicon system (Outside-in) 

jcunha@ieee.org 15 

Example: Vicon system (Outside-in) 

jcunha@ieee.org 16 
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Example: Moven system 6DoF inertial (Inside-in) 

jcunha@ieee.org 17 

Human Motion Analysis: Many opportunities 

•  There are many methods and technologies... …so,... 
what is the BEST ? 

[33] Welch & Foxlin, IEEE Comp. Graph. App., Vol.22, pp 24-38, 2002 

jcunha@ieee.org 18 
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NeuroQmove – Epilepsia (proj MovEpil) 

Long-Term Video 
EEG Procedure 

Movement 

Quantification 

Video Review + 
Quantification 
Results Analysis 

Video Review 

jcunha@ieee.org 20 
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NeuroQmove 2D (Outside in) – Setup 1 

jcunha@ieee.org 21 

NeuroQmove 2D (Outside in) – Setup 2 

T 

F 

R 

D 

H 

T 
T = tilt angle 
F = FOV angles 
     FOVv – Vertical 
     FOVh - Horizontal 

jcunha@ieee.org 22 
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NeuroQmove 2D – Method (tracking) 

- Clustering pixels and 
labeling markers to body 
structure components 

- Marker position 
prediction & tracking 

- Original video frame 
 - Thresholding video frame 

Li	  et	  al.,	  IEEE	  Trans.	  Biomed	  Eng,	  2002	  

jcunha@ieee.org 23 

NeuroQmove 2D – Software system 

jcunha@ieee.org 24 
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NeuroQmove 2D–in action (Outside-in)  

jcunha@ieee.org 25 

NeuroQmove 2D – in action (Outside-in)  

jcunha@ieee.org 26 



14 

NeuroQmove 2D – in action (Outside-in)  

jcunha@ieee.org 27 

NeuroQmove 2D – in action (Outside-in)  

Right 

Left 

Ipsi-lateral Contra-lateral 
jcunha@ieee.org 28 
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NeuroQmove 2D – in action (Outside-in)  

Box & Whisker Plot
ip_abs_as vs. c_abs_as
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O’Dwyer Cunha et al., Young Invest. Award, Epilepsy Congress 2005, Paris 
O’Dwyer, Cunha et al., Epilepsia 2007; 48: 524-530  

jcunha@ieee.org 29 

Rémi	  et	  al.,	  Epilepsia	  2011	  
O‘Dwyer	  et	  al.,	  Epilepsia	  2007;	  Godoy	  et	  al.,	  Neurology	  1990	  
Jayakar	  et	  al.,	  Neurology	  1992;	  Dobesberger	  et	  al.,	  Neurology	  2005	  

•  38	  TLE	  Sz	  (31	  Pat)	  +	  22	  FLE	  Sz	  (14	  Pat)	  

•  Head	  rotaQon	  occurrs	  sooner	  and	  is	  shorter	  in	  
FLE	  

•  Angular	  speed	  did	  not	  differ	  from	  ipsi	  to	  
contralateral	  (against	  the	  literature)	  

0	   20	   40	   60	   80	   100	  
Zeit	  von	  klinischem	  Beginn	  bis	  zur	  Kopfwendung	  [s]	  

frontal	   ipsilateral	  
kontralateral	  

Kopfwendung	  

temporal	  

NeuroQmove 2D – in action (Outside-in)  

jcunha@ieee.org 30 
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31 

automotorisch	   hypermotorisch	  

NeuroQmove 2D – in action (Outside-in)  

jcunha@ieee.org 31 
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•  	  10	  hypermotor	  and	  10	  automotor	  seizures	  
•  	  Extent	  of	  movement	  threshold	  esQmaQon.	  

1.  Training	  set	  
Ausmaß	  der	  Handbewegung	  

2.	  Analysis	  of	  100	  consecuQve	  recorded	  seizures	  from	  LMU	  database	  

•  	  Results	  combinaQon:	  
•  	  IdenQfikaQon	  hypermotorischer	  Anfällen:	  100%	  
•  	  Falsch	  posiQve	  IdenQfikaQon:	  <0,06%.	  

•  Excelent	  separaQon	  of	  hypermotor	  and	  non-‐hypermotor	  seizures	  (p<0.001)	  
•  	  SensiQvität	  95,9	  –	  100%	  
•  	  Spezifität	  ~60%	  

Rémi,	  Cunha	  et	  al.,	  Epilepsy	  Behav	  2011	  

NeuroQmove 2D – in action (Outside-in)  
TLE vs. FLE 

jcunha@ieee.org 32 
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NeuroQmove 2D – in action (Outside-in)  

jcunha@ieee.org 33 Cunha et al., Epilepsy & Behav., 2013 

NeuroQmove 3D (1st EMU Vicon system?)  

jcunha@ieee.org 34 
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NeuroQmove 3D 

• High resolution (1280 x 1024 pixel) 
• High frame rate (200 Hz) 

jcunha@ieee.org 35 

NeuroQmove 3D 

Volume resolution ~ 1mm3 

jcunha@ieee.org 36 
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MovEpil – 3D vs. 2D 

Cunha et al., Medical Engineering & Physics, 2012;34:938-45 jcunha@ieee.org 37 

MovEpil 3D – One step further… 

Cunha et al., Medical Engineering & Physics, 2012;34:938-45 
jcunha@ieee.org 38 
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MovEpil 3D – One step further… 

jcunha@ieee.org 39 

Resolution ~ 1mm3 

NeuroQmove 3D – Epilepsy (MovEpil 3D) 

Cunha et al., Medical Engineering & Physics, 2012;34:938-45 
jcunha@ieee.org 
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3D Video-EEG-fMRI: Multimodal Qmov 

jcunha@ieee.org 41 

3D Video-EEG-fMRI: Multimodal Qmov 

jcunha@ieee.org 42 



22 

3D Video-EEG-fMRI: Multimodal Qmov 

jcunha@ieee.org 43 

3D Video-EEG-fMRI: Multimodal Qmov 

jcunha@ieee.org 44 
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3D Video-EEG-fMRI: Multimodal Qmov 

Cunha et al., Human Brain Mapping Conference, 2010;  jcunha@ieee.org 45 

Kinect sensor – Low-cost 3D (Outside-out) 

jcunha@ieee.org 

•  RGB-D sensor 

•  Human skeleton extraction 

•  20 joints dynamic tracking 

46 



24 

KinectEpil project 

Vicon#5 

Vicon#6 

Vicon#4 

IRlight#2 

Kinect 
Day/night camera 

jcunha@ieee.org 47 

KinectEpil project 

jcunha@ieee.org 48 
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KinectEpil project 

jcunha@ieee.org 49 

KinectEpil project 

jcunha@ieee.org 50 
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ParKinect project – PD motion analysis 

jcunha@ieee.org 

Step quantitative parameters = 208 
 
•  distance, cadence, duration 
•  speed, acceleration 
•  Averages, SD, etc. 

51 

Preliminary study – PD group 

jcunha@ieee.org 

Sex 
(M/F) Age Height (m) Weight (kg) Most affected side (left/

right) 
2/1 54 [47, 59] 1.68 [1.59, 1.8] 82.7 [78, 90] 0/3 

PD patient Months after 
DBS surgery 

UPDRS IIIa (gaitb) 
STIM ON STIM OFF 

P1 6 13 (1) 31 (1) 
P2 1.5 7 (1) 26 (1) 
P3 10 11 (0) 42 (2) 

a. UPDRS score for part III (motor examination). The maximum score is of 108. 
b. UPDRS sub-score for gait (item 29). Score ranges between 0 (normal) and 4 

(cannot walk at all, even with assistance). 

•  3 non-PD subjects also participated 

52 
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Preliminary study – Methods (video) 

jcunha@ieee.org 53 

Preliminary study: Results 1 

jcunha@ieee.org 

Submitted to MICCAI 2014, Cambridge, MIT 
Forum de Neurologia 2014, Coimbra  

54 
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Preliminary Study: Results 2 

jcunha@ieee.org 

 
•  8/208 parameters 

discriminate (p<0.05): 
•  3 Non-PD,  
•  3 PD-stimON,  
•  3 PD-stimOFF 

 
•  Literature typical 

paramenters are NOT 
the best ones 

 

Submitted to IEEE EMBC 2014, Chicago 
Forum de Neurologia 2014, Coimbra 
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Preliminary Study: Results 2 

jcunha@ieee.org 56 
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Opportunity - KinectHD 

jcunha@ieee.org 

1080p HD resolution 
 
6 high fidelity skeletons 
 
USB 3 (2Gbit) 
 
Xmas 2014 
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Wearable technology - ParkWear project 

jcunha@ieee.org 

Wearable electronics for PD evolution quantification 

Collaboration with HSJ, Porto 
58 
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ParkWear project 

jcunha@ieee.org 
Collaboration with HSJ, Porto 
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ParkWear project 

jcunha@ieee.org 

Antes Depois 

Collaboration with HSJ, Porto 
60 
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Opportunity - Wearable technology 

jcunha@ieee.org 61 

Sum-up 

•  Neuroengineering is a growing interdisciplinary area 
•  FEUP and its partners are building up a program offering 

(R&D and course) in this exciting area 
•  Qmov has been one of the focus. 
•  Many exciting new opportunities are going on and many 

more to come… 
•  We are committed to make this area grow with the help of 

our partners 
•  … so, if you have ideas in this area,  just contact us J 

jcunha@ieee.org 62 
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